We present an ab-initio density function theory to investigate the electronic and magnetic structures of the bilayer graphene with intercalated atoms C, N, and O. The intercalated atom although initially positioned at the middle site of the bilayer interval will finally be adsorbed to one graphene layer. Both N and O atoms favor the bridge site (i.e. above the carbon-carbon bonding of the lower graphene layer), while the C atom prefers the hollow site (i.e. just above a carbon atom of the lower graphene layer and simultaneously below the center of a carbon hexagon of the upper layer).
Introduction: Since the discovery of monolayer graphene in the year 2004 [2] , this two-dimensional material remains in the focus of active research motivated by its novel physical properties and a promising potential for applications [3] [4] [5] . Experimental groups have enabled preparation and study of systems with one or a small number of graphene layers [6] . Bilayer graphene, which is made of two stacked graphene layers, is considered to be particularly importance for electronics applications because of its special band structure [7] . Coupling of the two monolayer graphene sheets in the usual A-B stacking of bilayer graphene yields pairs of hyperbolically dispersing valence and conduction bands that are split from one another by the interlayer interaction [8] . The band gap of the bilayer can be easily opened when a difference between the electrostatic potential of the two layer is introduced, either by chemical doping or by applying gate voltage [9] [10] [11] [12] [13] [14] [15] [16] [17] , which makes graphene channels have a high resistance for the OFF state. Angle-resolved photoemission (ARPES) measurements indicate such a gap in potassium doped bilayer graphene epitaxially grown on SiC [14] , and infrared spectroscopy measurements also detect the similar gap in the electrostatically gated bilayer graphene [10] [11] [12] .
In this work, we carried out first-principle calculations and theoretical analysis to explore the electronic and magnetic properties of bilayer graphene with intercalated atoms C, N and O. The calculations were performed using the projector augmented wave (PAW) formalism of density functional theory (DFT) as implemented in the Vienna ab initio simulation package (VASP) [18] . Because generalized gradient approximation (GGA) [19] gives essentially no bonding between graphene planes and leads to excessively large values of bilayer distance [13] , we performed the calculations within the localized density approximation (LDA). We find that LDA gives rise to a bilayer distance of 3.34Å, in good agreement with the experiment value. Some previous investigations used LDA to optimize the structure to get a reasonable bilayer distance, and sequently used GGA to calculate the electronic structure [9] . To keep consistent, we use LDA in all our calculations for the investigated system. An energy cutoff of 400 eV for plane-wave expansion of the PAWs is used. The model system here consists of a 4 × 4 supercell with a foreign atom intercalated between the two coupling graphene layers. The supercell parameters are set to be the same as a = b = 9.84Å in the xy plane (a and b indicate the crystal lattice constants). The Brillouin zone is sampled using a 11 × 11 × 1 Γ centered k-point grid. For geometry optimization, all the internal coordinates are relaxed until the Hellmann-Feynman forces are less than 0.01 eV/Å. The vacuum thickness along the z axis is 16Å to avoid the interaction between graphene layers of adjacent supercells.
We considered the A-B Bernal stacking structure for bilayer graphene. Top-view for the bilayer graphene is shown in Fig. 1(a The binding energy is defined as: dE = E graphene + E atom − E total , where E graphene is the energy of the clean bilayer graphene, E atom stands for the energy of the single foreign atom, and E total is the total energy of the bilayer graphene with the intercalated atom. The binding energy, the distance between the foreign atom and its nearest C atom, and the interlayer distance of the doped bilayer graphene are illustrated in Table I . Comparing the data in Table I, We know O atom is lack of two electrons, when it is adsorbed in the bilayer graphene, it strongly interacts with its adjacent carbon atoms and get electrons from them (see the upper panel of Fig. 2 ). N atom lacks three electrons, it also gets electrons from its adjacent carbon atoms (see the middle panel of Fig.2 ). C atom lacks four electrons to get saturated, and it tends to share electrons with its adjacent carbon atoms in bilayer graphene (see the lower panel of Fig. 2 ). All these three atoms show strong interaction with lower graphene layer.
Concerning their interactions with the upper graphene layer, judging from The C Hol structure is favored as the ground state for C atom intercalated in the bilayer graphene. The spin-resolved band structures and density of states (DOS) for C Hol system are shown in Fig. 3 . Fig. 3(a) and (b) are the band structures for the majority spin and minority spin, respectively. It is clearly seen that impurity bands for the majority and minority spin components lie, respectively, lower and higher than the Fermi level. In the spin-resolved total DOS (see Fig. 3(c) ), two narrow peaks at the opposite side of the Fermi level are observed, indicating the itinerant magnetism triggered by the intercalated C atom.
In the following, we will find the itinerant magnetism comes from not only the foreign C atom, but also the carbon atoms of the bilayer graphene. In the orbital-resolved PDOS of the foreign C atom, s state and p state have peaks in the same energy range, which is indicative of the sp 3 hybridization. The C-C bonding between the foreign C and the nearest carbon atoms with the value of 1.54Å, is also a proof of the sp 3 hybridization, which has been pointed in the previous analysis. When the spin degree of freedom is neglected, our calculation from first principle predicts a twofold degenerate peak at the Fermi level ( Fig.   3(e) ), but the spin unpolarized state is not the ground state. Including the spin degree of freedom, the balance between the majority and minority spin components will be destroyed.
The spin density distribution of the lower graphene layer of the C Hol system are shown in Fig. 3(f) . Both the foreign C atom and the pushed down carbon atom are magnetic, yet
we cannot see their magnetic moment distribution in Fig. 3(f) , because they are not in the lower graphene plane. Seen from the top-view, these two carbon atoms occupy coinciding positions, which are noted in Fig. 3(f) by the letter 'C'. The three nearest carbon atoms bonded with the foreign C atom are nearly nonmagnetic and the next-near-neighbors are magnetic. On the whole, the total magnetic moment of the C Hol system is about 1.32 µB, and the magnetic moment distributions show threefold symmetry, which is similar with the hydrogen adsorption on the graphene plane [23] .
Spin-resolved band structure and density of states for N Bri system are shown in Fig. 4, where Fig. 4(a) and (b) show the band structure for majority and minority spin, respec-tively, and Fig. 4 (c) and (d) display the total DOS of N Bri system and PDOS of N atom, respectively. In the total DOS, very narrow and sharp peak at the Fermi level is observed.
We draw the PDOS of N atom and find the peak arises from from the N adsorption and the N atom is nearly 100% spin polarized. In the band structure, we find the very localized Table I The binding energy (dE), the length of bonding between the adsorption atom and its nearest C atom (a C-atom ), and the bilayer distance of the adsorption system (dis.).
The stable position for each intercalated atom is noted by box. 
